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E F F E C T  O F  D R Y I N G  T E M P E R A T U R E  

O N  Q U A L I T Y  O F  W H  E A T  
B y  J .  H .  R A M S E R ,  A s s o c i a t e  i n  A g r i c u l t u r a l  E n g i n e e r i n g !  
B
E F O R E  C O M B I N E D  W H E A T  c a n  b e  s t o r e d  s a f e l y ,  i t  i s  o f t e n  
n e c e s s a r y  t o  d r y  i t  a r t i f i c i a l l y .  I t  i s  f r e q u e n t l y  d e s i r a b l e  t o  m a k e  
u s e  o f  h e a t e d  a i r  a s  t h e  m e d i u m  f o r  r a p i d  d r y i n g ,  e v e n  t h o u g h  h i g h  
d r y i n g  t e m p e r a t u r e s  a r e  k n o w n  t o  a f f e c t  t h e  q u a l i t y  o f  s o m e  f a r m  
g r a i n s  f o r  c o m m e r c i a l  p r o c e s s e s .  S i n c e  l i t t l e  s p e c i f i c  i n f o r m a t i o n  h a s  
b e e n  p u b l i s h e d  c o n c e r n i n g  t h e  e f f e c t  o f  d r y i n g  t e m p e r a t u r e s  o n  t h e  
m i l l i n g  a n d  b a k i n g  q u a l i t i e s  o f  w h e a t ,  a n  e x p e r i m e n t  w a s  s e t  u p  a t  
t h e  I l l i n o i s  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  i n  t h e  s u m m e r  o f  1 9 5 2  
t o  i n v e s t i g a t e  t h e  e f f e c t  o f  v a r i o u s  d r y i n g  c o n d i t i o n s  o n  t h e  q u a l i t y  
o f  I l l i n o i s  s o f t  a n d  h a r d  w i n t e r  w h e a t .  W i n t e r  w h e a t s  w e r e  u s e d  i n  
t h e s e  t e s t s  b e c a u s e  t h e y  a r e  m o s t  w i d e l y  g r o w n  i n  t h e  s t a t e .  
T h e  w h e a t  v a r i e t i e s  c h o s e n  w e r e  I l l i n o i s  N o .  2  a n d  W e s t a r .  
I l l i n o i s  N o . 2  i s  a  s o f t  v a r i e t y  n o t  p a r t i c u l a r l y  w e l l  a d a p t e d  t o  I l l i ­
n o i s ,  b u t  a  n u m b e r  o f  i t s  s e l e c t i o n · s  a n d  c r o s s e s  a r e  b e i n g  g r o w n  
e x t e n s i v e l y  i n  t h e  s t a t e .  W e s t a r  i s  a  h a r d  v a r i e t y  w i t h  a  r e c o r d  o f  
h i g h  y i e l d s  a n d  i s  a d a p t e d  t o  c e n t r a l  a n d  n o r t h e r n  I l l i n o i s .  
D r y i n g  T e m p e r a t u r e s  a n d  H u m i d i t y  
W h e a t  o f  t h e s e  t w o  v a r i e t i e s  w a s  h a r v e s t e d  w i t h  a  c o m b i n e  w h e n  
t h e  g r a i n  m o i s t u r e  w a s  a p p r o x i m a t e l y  2 0  p e r c e n t .  T h i s  m o i s t u r e  
c o n t e n t  i s  t o o  h i g h  f o r  s t o r a g e  i n  a  t i g h t  b i n  w i t h o u t  s p o i l a g e .  T h e  
g r a i n  w a s  h e l d  u n d e r  r e f r i g e r a t i o n  a t  3 5  
0  
F .  u n t i l  t h e  v a r i o u s  l o t s  
c o u l d  b e  d r i e d .  M o i s t u r e  c o n t e n t  w a s  d e t e r m i n e d  w i t h  a  B r o w n ­
D u v e l  m o i s t u r e  t e s t e r  a n d  c h e c k e d  i n  a n  e l e c t r i c  d r y i n g  o v e n .  T h e  
a i r  t e m p e r a t u r e s  u s e d  i n  d r y i n g  t h e  g r a i n  w e r e  h e l d  a s  c l o s e l y  a s  
p o s s i b l e  t o  1 3 0 ,  1 4 0 ,  1 6 0 ,  1 8 0 ,  a n d  2 0 0
0  
F .  R e l a t i v e  h u m i d i t y  w a s  
m a i n t a i n e d  a t  1 0  p e r c e n t  o r  a b o v e  f o r  a l l  d r y i n g .  
S a m p l e s  o f  e a c h  v a r i e t y  w e r e  a l l o w e d  t o  d r y  i n  n a t u r a l  a i r  t o  
1  T h e  a u t h o r  w i s h e s  t o  a c k n o w l e d g e  t h e  a s s i s t a n c e  o f  G .  H .  D u n g a n  a n d  
O .  T .  B o n n e t t ,  A g r o n o m y  D e p a r t m e n t ,  a n d  C .  E .  B o d e ,  D .  C .  A b b o t t ,  H .  K .  
H e i z e r ,  a n d  L .  T .  K i s s e l  o f  t h e  U .  S .  D e p a r t m e n t  o f  A g r i c u l t u r e  S o f t  W h e a t  
Q u a l i t y  L a b o r a t o r y ,  W o o s t e r ,  O h i o ,  w h o  p e r f o r m e d  t h e  m i l l i n g  a n d  b a k i n g  t e s t s .  
2  
3 EFFECT OF DRYING TEMPERATURE ON QUALITY OF WHEAT 
serve as standards of comparison for the milling and baking qualities 
of the artificially dried wheat. 'These samples, designated as Control 
1 and Control 2, of Illinois No.2 and Westar varieties respectively, 
were dried in air varying in temperature in the range of 75° to 90° F. 
The relative humidity varied from 50 to 60 percent. 
The original and final moisture content of the wheat samples, the 
time, and the drying conditions employed are given in Table 1. 
Drying Equipment 
The wheat samples were dried in a laboratory drier (Fig. 1) in 
the Department of Agricultural Engineering at the University of 
Illinois. The drying apparatus consisted of a closed duct through 
which the drying air was circulated by a centrifugal blower. That 
portion of the duct in which the wheat was placed consisted of a 
vertical section with inside dimensions of 19 by 19 inches. A smaller 
duct with inside dimensions of 6 by 10 inches was joined to the 
vertical section above and below the position of the wheat sample to 
be dried to complete the drying air circuit. The blower connections 
were made in the smaller section of the air duct. A 20-pound sample 
The laboratory drier used in the tests. (Fig. 1) 
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5 EFFECT OF DRYING TEMPERATURE ON QUALITY OF WHEAT 
of wheat was carried in a tray suspended from the platform of a 
Toledo scale so that the weight of the sample could be obtained at 
any time during the test. The tray sides were solid, and the bottom 
was of small-mesh screen. 
To obtain accurate temperature and relative-humidity readings 
of the drying air, a thermocouple probe was held at the center of 
twelve equal areas of the duct cross-section in a plane immediately 
before the drying air came in contact with the wheat sample. The 
probe carried two thermocouples, one for the dry-bulb temperature, 
the other, kept wet by a tube from a water reservoir, for the wet­
bulb temperature. These readings were used to set two recording 
thermocouple potentiometers: one for the dry-bulb temperature and 
the other for the wet-bulb temperature. From these two tempera­
tures the relative humidity was determined for each area and the 
average computed. 
The circulating air was heated by electric resistance elements, 
one of which was controlled by a recording potentiometer to main­
tain the desired dry-bulb temperature. The duct material was 
asbestos-cement board through which moisture-laden air passed to 
some extent. Since in some tests the loss of moisture from the duct 
was greater than the amount given up by the wheat, water vapor 
was added to the circulating air in those tests by means of a steam 
jet to maintain the relative humidity above a minimum of 10 percent. 
Air velocity was measured by a conventional Thomas meter. 
With this instrument the air flow is determined by the electrical 
energy required to heat the flowing air a certain number of degrees. 
The air flow was maintained very nearly the same in all tests, ap­
proximately 300 feet per minute. 
Quality Tests 
Tests were made of each wheat sample at the Soft Wheat Quality 
Laboratory, U. S. Department of Agriculture, Wooster, Ohio, to 
determine the effect of drying conditions on the milling and baking 
.qualities. The following tests were used to determine these qualities: 
1. Pearling index - the percentage loss in weight of a wheat 
sample when subjected in a barley pearler to the abrasive action of 
a carborundum wheel for 60 seconds. It is a measure of kernel 
texture or hardness, higher indexes indicating softer kernels. 
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2 .  P a r t i c l e - s i z e  i n d e x .  T h i s  i n d e x  g i v e s  a n  i n d i c a t i o n  o f  t h e  
g r a n u l a t i n g  p r o p e r t i e s  o f  a  w h e a t  s a m p l e ,  a n d  i s  o b t a i n e d  b y  
r o t a p p i n g  t h r o u g h  a  n e s t  o f  s i e v e s  f o r  5  m i n u t e s  t h e  s a m p l e  g r o u n d  
a t  a  u n i f o r m  s e t t i n g  i n  a  s t a n d a r d  L a b c o n c o  m i l l .  T h e  w e i g h t  o f  
f i n e  f l o u r  e x p r e s s e d  a s  p e r c e n t a g e  o f  t h e  o r i g i n a l  s a m p l e  i s  t h e  
p a r t i c l e - s i z e  i n d e x .  S o f t e r - t e x t u r e d  w h e a t s  g r a n u l a t e  m o r e  f i n e l y  t h a n  
h a r d e r  o n e s ,  h e n c e  h a v e  h i g h e r  p a r t i c l e - s i z e  i n d e x e s .  
3 .  B r e a k  f l o u r  y i e l d .  T h e  a m o u n t  o f  f l o u r  p r o d u c e d  i n  t h e  b r e a k  
s e c t i o n  ( c o r r u g a t e d  r o l l s )  i n  t h e  n o r m a l  e x p e r i m e n t a l  m i l l i n g  o p e r a ­
t i o n  i s  a n  i n d i c a t i o n  o f  t h e  w h e a t - f r a c t u r i n g  c h a r a c t e r i s t i c s .  W h e a t s  
o f  s o f t e r  k e r n e l  t e x t u r e  f r a c t u r e  m o r e  f i n e l y  a n d  y i e l d  l a r g e r  q u a n t i ­
t i e s  o f  b r e a k  f l o u r .  T h e  w e i g h t  o f  t h i s  f l o u r ,  e x p r e s s e d  i n  p e r c e n t  o f  
t h e  w h e a t  m i l l e d ,  i s  r e p o r t e d  a s  b r e a k  f l o u r  y i e l d .  
4 .  F l o u r  y i e l d  - t h e  p e r c e n t  o f  s t r a i g h t  g r a d e  f l o u r  p r o d u c e d  
f r o m  a  g i v e n  w e i g h t  o f  w h e a t  t e m p e r e d  t o  t h e  p r o p e r  m o i s t u r e  c o n ­
t e n t  f o r  t h e  e x p e r i m e n t a l  m i l l i n g  o p e r a t i o n .  F l o u r  y i e l d s  t h u s  o b t a i n e d  
a r e  d i r e c t l y  r e l a t e d  t o  t h o s e  o b t a i n a b l e  i n  c o m m e r c i a l  m i l l i n g .  
5 .  M i x o g r a m  a r e a .  T h i s  i s  t h e  a r e a  i n  s q u a r e  c e n t i m e t e r s  u n d e r  
a  m i x o g r a p h  c u r v e  f o r  a  m i x i n g  t i m e  o f  s e v e n  m i n u t e s  w h e n  p r o ­
d u c e d  o n  a  N a t i o n a l  S w a n s o n  W o r k i n g  i n s t r u m e n t .  G r e a t e r  m i x o ­
g r a m  a r e a s  a t  a  u n i f o r m  9 - p e r c e n t  p r o t e i n  l e v e l  a r e  a s s o c i a t e d  w i t h  
g r e a t e r  g l u t e n  q u a l i t y .  
6 .  C o o k i e  d i a m e t e r  - a  m e a s u r e  o f  t h e  p o t e n t i a l i t i e s  o f  a  f l o u r  
f o r  c o o k i e  p r o d u c t i o n .  T h e  a v e r a g e  d i a m e t e r  o f  t w o  c o o k i e s  m a d e  
f r o m  4 0  g r a m s  o f  f l o u r  b y  a  m i c r o  m e t h o d  i s  g i v e n  a s  t h e  c o o k i e  
d i a m e t e r .  C o o k i e s  o f  g r e a t e r  d i a m e t e r  a r e  u s u a l l y  p r o d u c e d  f r o m  t h e  
w e a k e s t  s o f t  w h e a t  v a r i e t i e s .  
7 .  L o a f  v o l u m e .  D a t a  f o r  l o a f  v o l u m e  a r e  o b t a i n e d  w h e n  u s i n g  
a  r i c h ,  h i g h l y  b r o m a t e d  e x p e r i m e n t a l  b a k i n g  f o r m u l a .  L a r g e r  l o a f  
v o l u m e s  a t  a  u n i f o r m  9 - p e r c e n t  p r o t e i n  l e v e l  s h o w  s t r o n g e r  g l u t e n .  
R e s u l t s  o f  I l l i n o i s  N o . 2  S o f t  W h e a t  M i l l i n g  
a n d  B a k i n g  T e s t s  
T h e  r e s u l t s  o f  t h e  q u a l i t y  t e s t s  m a d e  o n  t h e  a r t i f i c i a l l y  d r i e d  
s a m p l e s  o f  I l l i n o i s  N o . 2  s o f t  w i n t e r  w h e a t  a r e  g i v e n  i n  T a b l e  1 .  
T h e  p e a r l i n g  i n d e x  o f  t h e  a r t i f i c i a l l y  d r i e d  s a m p l e s  w a s  s i g n i f i ­
7 EFFECT OF DRYING TEMPERATURE ON QUALITY OF WHEAT 
cantly higher at all temperatures than that of the air-dried sample. 
These higher values indicate a softer kernel texture, probably not 
very desirable for the softest wheat types. 
In break flour yield the values at all drying temperatures except 
200.6 ° and 179.4° were significantly higher than that of the naturally 
dried sample. These re ults indicate that drying causes a tendency 
toward easier and finer fracturing of the kernel. The same effect was 
shown in the test for particle size. This increase in fineness of granu­
lation may be undesirable under certain commercial milling 
conditions. 
Although the flour yields of all artificially dried samples were 
greater than those of the air-dried control, the differences were not 
significant. 
The mixogram-area data for the artificially dried samples were 
significantly lower than those of the air-dried sample at all tempera­
tures except 129.6 °. Lower area (adjusted to a uniform 9-percent 
protein level ) indicates weaker gluten. 
The cookie diameter was not significantly different for any of the 
treatments. This indicates that the value for cookie production, 
which is important for soft wheat flour, was not impaired by the 
drying temperatures used. 
The loaf volume, based on 9-percent protein content, was sig­
nificantly lower than that of the air-dried sample only for the sample 
dried at a temperature of 200.6 ° F. although the volume for the 
sample dried at 179.4° neared significance. This indicates that a 
drying temperature of 180° or above may adversely affect the bread 
volume. This fact may not be too important since soft wheat flour 
is not widely used for bread making. 
Results of Westar Hard Wheat Milling 
and Baking Tests 
The results of the tests with Westar are also given in Table l. 
The pearling indexes were significantly higher for all artificially 
dried samples than for the air-dried sample, indicating that the 
kernel characteristics of the wheat were altered by the drying 
process. While the flour yield for the artificially dried samples was 
equal to or higher than that of the air-dried sample, none of the 
differences were statistically significant. 
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T h e  v a l u e s  f o r  b r e a k  f l o u r  y i e l d  f o r  t h e  a r t i f i c i a l l y  d r i e d  s a m p l e s  
w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o f  t h e  a i r - d r i e d  s a m p l e  
e x c e p t  f o r  d r y i n g  t e m p e r a t u r e s  o f  1 7 8 . 2 °  a n d  1 9 9 ° .  W h i l e  t h e  
p a r t i c l e - s i z e  i n d e x e s  w e r e  s i g n i f i c a n t l y  g r e a t e r  f o r  a l l  a r t i f i c i a l l y  d r i e d  
s a m p l e s ,  t h e  d i f f e r e n c e s  w e r e  n o t  g r e a t .  T h i s  s l i g h t  i n c r e a s e  i n  
p a r t i c l e  s i z e  p r o b a b l y  w o u l d  n o t  b e  v e r y  i m p o r t a n t  f o r  h a r d  w h e a t .  
T h e  m i x o g r a m - a r e a  d a t a  w e r e  n o t  s i g n i f i c a n t l y  l o w e r  f o r  t h e  
a r t i f i c i a l l y  d r i e d  s a m p l e s ,  e x c e p t  f o r  t h o s e  d r i e d  a t  1 7 8 . 2 °  a n d  1 9 9 ° .  
T h i s  w a s  t a k e n  t o  m e a n  t h a t  t h e  g l u t e n  w a s  n o t  a l t e r e d  e x c e p t  a t  t h e  
t w o  h i g h e s t  t e m p e r a t u r e s  u s e d .  A t  t e m p e r a t u r e s  o f  1 5 8 . 3  °  a n d  b e l o w ,  
t h e  k e r n e l  s o f t e n i n g ,  s h o w n  b y  t h e  p e a r l i n g  i n d e x ,  p r o b a b l y  d i d  n o t  
c h a n g e  t h e  g l u t e n  c h a r a c t e r i s t i c s ,  i m p o r t a n t  i n  h a r d  w h e a t  f o r  b r e a d  
m a k i n g .  
I n  c o o k i e  d i a m e t e r  o n l y  t h e  s a m p l e s  d r i e d  a t  1 4 0 . 8 °  a n d  1 7 8 . 2 °  
d i f f e r e d  s i g n i f i c a n t l y  f r o m  t h e  a i r - d r i e d  s a m p l e .  S i n c e  h a r d  w h e a t  
f l o u r  i s  n o t  g e n e r a l l y  u s e d  f o r  p a s t r i e s ,  t h i s  d i f f e r e n c e  i s  p r o b a b l y  o f  
l i t t l e ,  i f  a n y ,  c o n s e q u e n c e .  
T h e  l o a f  v o l u m e ,  c o r r e c t e d  t o  9 - p e r c e n t  p r o t e i n ,  w a s  s i g n i f i ­
c a n t l y  l o w e r  t h a n  t h a t  o f  t h e  a i r - d r i e d  s a m p l e  w h e n  a  d r y i n g  t e m ­
p e r a t u r e  o f  1 9 9 °  w a s  e m p l o y e d .  T h i s  i s  a n  i m p o r t a n t  t e s t  f o r  h a r d  
w h e a t  s i n c e  m u c h  o f  t h i s  f l o u r  i s  u s e d  i n  b r e a d  m a k i n g .  
D r y i n g  T e m p e r a t u r e s  o f  1 6 0
0  
o r  L o w e r  R e c o m m e n d e d  
T h e s e  t e s t s  i n d i c a t e  t h a t  a  d r y i n g  t e m p e r a t u r e  o f  a p p r o x i m a t e l y  
1 6 0 °  F .  o r  b e l o w  f o r  1 1 ; 4 .  t o  B~ h o u r s ,  o r  l o n g e r  a t  t h e  l o w e r  t e m p e r a ­
t u r e s ,  d o e s  n o t  m a t e r i a l l y  a f f e c t  t h e  q u a l i t y  o f  t h e  t w o  v a r i e t i e s  
t e s t e d .  T e m p e r a t u r e s  a b o v e  1 6 0 °  d i d  s h o w  s o m e  l o w e r i n g  o f  t h e  
q u a l i t y  f o r  b o t h  t h e  h a r d  a n d  t h e  s o f t  w h e a t  v a r i e t i e s .  
I t  i s  r e c o m m e n d e d  t h a t  t h o s e  d r y i n g  w h e a t ,  e i t h e r  f o r  i m m e d i a t e  
s a l e  o r  f o r  s t o r a g e ,  u s e  d r y i n g  a i r  t e m p e r a t u r e s  o f  1 6 0  °  F .  o r  b e l o w  
f o r  t h e  b e s t  p o s s i b l e  q u a l i t y .  
U r b a n a ,  I l l i n o i s  
O c t o b e r ,  1 9 5 4  

( E x p e r i m e n t  S t a t i o n  a n d  E x t e n s i o n  c i r c u l a r s  a r e  

n u m b e r e d  c o n s e c u t i v e l y  i n  t h e  s a m e  s e r i e s . )  
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